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Headwater Forests Supply CO’s Water

Source Water
In the western US 2/3 of originates 

from forested catchments

Post-fire erosion, nutrients, ash & 

other contaminants threaten drinking 

water, agricultural, aquatic habitat, & 

recreation



Cameron Peak Fire 

Fire Retardant Elevates Stream P
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Short-Term Effects on Stream Chemistry
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effect on stream C, 
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NUTRIENTS LOST IN EROSION ARE

SMALL PART (< 10%) OF THE TOTAL

LOST AFTER FIRE. 

8 high severity fires, W. USA

Short-Term C and N Losses in Erosion

Years After Fire
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SEDIMENT, N AND C LOSSES

INCREASE FOR SEVERAL YEARS

AFTER FIRE, THEN RETURN TO

LOW LEVELS.

Pierson et al. 2019



Lasting Post-Fire Changes
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Reduces Nutrient Uptake
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High Severity 
Consumption of nearly 

all pre-fire ground 

cover & surface organic 

matter.

Moderate Severity
Most (50-80%) ground 

cover, OM consumed. 

Foliage may remain in 

tree canopies. 

Low Severity
Vegetation remains 

‘green.’  OM layers 

not fully consumed. 

Soil structure, roots 

unchanged

Responses Relate to Fire Severity



Stream NO3-N increases with the 

extent of High Severity after 

Hayman and High Park Fires

Fire Severity Effects Stream N

Hill Gulch: 

Hi Severity 

54%
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Long-Term Responses

Hayman Fire

(14-15 yr post-fire)

Nitrate & TDN 5-10X above background 

in Extensive, elevated in Moderate

Long-term changes in nutrient retention

(>95% pre-fire ; 48% post-fire)

DOC highest for moderate burns

Sediment response no longer significant

Rhoades et al. 2019, Ecosystems



What Explains Lasting Fire Effects? 
Could it be Lower In-Stream Production   

*Stream Metabolism, biofilm 

production from Hayman and High 

Park Fires;

Burned Streams are Productive

Higher Chl-a, autotroph, algae

Unburned streams are N-limited 

(respond to N fertilizer)

Lower N response in burned streams    

Higher stream N  = 

lower N limitation

… so lower in-stream production 

does not explain elevated N export 

(aka lower N retention)
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416 Fire  Hermosa Ck:

2-40 X higher algal biomass

3-5 X higher Chlorophyll-a
Rhea et al. In press 2021



Upland

N
D

V
I

0.0

0.1

0.2

0.3

0.4

0.5

Riparian

2000 2002 2004 2006 2008 2010 2012 2014 2016

N
D

V
I

0.0

0.1

0.2

0.3

0.4

0.5

High Moderate Burn

Unburned

*May-June NDVI; 10 m DEM; 

Burned = Mod/Hi patches

50% recovery @ 14 yrs

F
O

R
N

W
A

L
T

E
T

A
L
. 
2
0
1
8
; 
R

H
O

A
D

E
S

E
T

A
L
. 
2
0
1
9

What Explains Lasting Fire Effects?
VEGETATION RECOVERY

Soil exposure > 2x pre-fire

Plant response varies



REESTABLISHING VEGETATION & NUTRIENT RETENTION

Nutrient retention much lower in extensively burned watersheds 

Higher nutrient uptake, C inputs, decreased light and temperature with greater riparian cover 

Likelihood of multiple positive effects with stream corridor revegetation 

ELEVATED STREAM N WITH LOW RIPARIAN COVER

Post-Fire Watershed Restoration
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Overlapping Disturbances

Additive Pressures – Severe, repeated or frequent wildfires directly or in

combination with drought, insects or factors, push some forests beyond

thresholds of sustainability.

MILLAR AND STEPHENSON 2015

NOVEL RESPONSES & RECOVERY

Sparse tree regeneration 16 yrs after 

the Hayman Fire.



Short vs Long-Term Changes

Drivers Watershed Responses

Climate
Veg, 

Fuel

Site, 

Topogr

Riparian,

Upland
Streams

Combustion
(days)

Wildfire Behavior, Severity, 
suppression activities

• Veg loss
• Soil heat

• Fish, invert die off; P 
enrichment

Transport
(months)

Ash and Sediment 
• OM, soil 

loss

• Ash/C Pulse
• Scour/Deposition 

Reorganization
(years)          

Ecosystem Dynamics

• Nutrient 
supply/ 
demand

• C 
storage

• Habitat

• Nutrient, C Export 
• Stream biota
• Channel reconfig
• Hillslope/Hyporheic/

Stream links
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